PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H01H 50/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/34383 

8 July 1999(08.07.99) 



(21) International Application Number: PCT/US98/25931 

(22) International Filing Date: 7 December 1998 (07.12.98) 



(30) Priority Data: 

08/999,420 



29 December 1997 (29.12.97) US 



(71) Applicant: HONEYWELL, INC. [US/US]; Honeywell 

Plaza-MN12-825l, P.O. Box 524, Minneapolis, MN 
55440-0524 (US). 

(72) Inventors: YOUNGNER, Daniel, W.; 8836 Queensland Lane 

North, Maple Grove, MN 5531 1 (US). JOHNSON, Burgess, 
R.; 3701 W. 103rd Street, Minneapolis, MN 55431 (US). 

(74) Agent: NORRIS, Roland, WV, Honeywell Inc., Honeywell 
Plaza - MN12-8251, P.O. Box 524, Minneapolis, MN 
55440-0524 (US). 



(81) Designated States: JP, European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, PR, GB, GR. IE, IT, LU, MC, NL. PT, SE), 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MICRO ELECTRO-MECHANICAL SYSTEMS RELAY 



(57) Abstract 



device 



A relay 
built using 
technology and having a 
semiconductor wafer base 
with a surface depression 
having a first electrically 
conductive surface pattern. 
A lower diaphragm is 
moveably positioned 
above the depression for 
contact and has a second 
electrically conductive 
surface pattern thereon. 
An upper diaphragm 
is positioned above 
the lower diaphragm, 
with a central electrode 
mounted between them 

to selectively attract and „ L _ , . 

move a diaphragm upon application of voltage. A post connects the upper and lower diaphragms to move a diaphragm when the other 
is moved electrostatically. Hie diaphragms define a sealed region enclosing the central electrode. The surface patterns may be tapered 
at their perimeters to provide a contact contour allowing gradually increasing contact as the diaphragm moves toward the surface. The 
preferred wafer is a silicon wafer, and the diaphragms are polysiUcoa The patterns are formed from highly conductive material like gold, 
while the outer regions are high resistive, chemically stable material like CrSiN. The sealed region is evacuated to have a vacuum, or may 
be filled with an inert gas. In a preferred embodiment, the sealed region is filled with a fluid having a measurable viscosity, and region is 
adapted to move the fluid upon electrostatic movement of the diaphragm, such that the viscosity of the fluid is selected to adjust the rate 
of movement of the diaphragm. 
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MirPO FrFCT Pn-MKCHANIC AI , SYSTEMS RELAY 
FIELD OF THE INVENTION 

The present invention relates to an improved Micro Electro-Mechanical System 
(MEMS) relay. More particularly the invention relates to a MEMS relay having longer 
current decay time, increased heat dissipation, reduced stiction and hermetic sealing. 

n a^v gRQjJND OF THE INVENTION 

Conventional MEMS relays have been employed for various uses, but have certain 
drawbacks that prevent wider acceptance and preclude use in some applications because 
of the inherent characteristics of these conventional design. Specifically, MEMS relays 
open and close rapidly, providing large amounts of power that is dumped into the 
contacts by the inductive pulse, which is a major problem and limits design flexibility. 

Heat that is generated during operation builds up, causing localized temperature 
increases. These hot spots cause potential or actual damage in the relay. However, no 
practical way to reduce heat has yet been proposed. Another problem some relays have 
is stiction, where the electrodes are difficult to separate. This increases the cost and 
decreases the reliability of the relays, requiring alternative means for overcoming the 
stiction. 

Often times, the electrical contacts and/or the actuating membranes in conventional 
designs come into contact with the environment, creating a risk of corrosion or sparking. 
This drastically reduces the operating life of the relay, especially in hostile 
environments and when switching low or non self-cleaning currents. 

A major problem with conventional MEMS relays is that they are not flexible enough to 
permit customization of the electrical load being switched. There are not a lot of design 
options available. 
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It would be of great advantage in the art if an improved MEMS relay could be provided 
to give a much wider range of design options, permitting the needed customization of 
load switching, and enabling the creation of a familiy of relays to serve a wide range of 
customer needs. 

It would be another great advance in the art if MEMS relays could be provided which 
reduced the amount of power dumped into the contacts by an inductive pulse. 

Yet another advance would be to provide MEMS relays operable to dissipate heat, 
reduce stiction, and long-lived in hostile environment and when switching low or non 
self-cleaning currents. 

Other advantages will appear hereinafter. 

15 SUMMARY Qg THF. INVENTION 

It has now been discovered that the above and other objects of the present invention 
may be accomplished in the Mowing manner. Specifically, the present invention 
provides a relay device which is built using MEMS technology. 

20 The relay is formed on a semiconductor wafer base, such as a silicon wafer. The base is 
provided with a surface depression or hollow region having a electrically conductive 
surface pattern formed thereon. A lower diaphragm is mounted above the surface 
depression for contact with the depression surface. The lower diaphragm has a second 
electrically conductive surface pattern thereon, preferably similar to that on the wafer 

25 base. An upper diaphragm with an electrode theron is above the lower diaphragm. 
Between the diaphragms is a central electrode to selectively attract a diaphragm 
electrode upon application of voltage and move the diaphragm. The preferred material 
for the diaphragms is polysilicoa 
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A mechanical connection, such as one or more posts, are connectively mounted between 
the diaphragms for moving one diaphragm when the other diaphragm is moved by 
application of voltage. 

The diaphragms are sealingly mounted on the base to define a sealed region 
therebetween enclosing said central electrode and the diaphragm electrodes. This sealed 
region may be evacuated to vacuum or it may be filled with a gas or a fluid having a 
measurable viscosity. In this latter embodiment, the region is adapted to move the fluid 
upon electrostatic movement of the diaphragm, such that the viscosity of the fluid is 
selected to adjust the rate of movement of diaphragms. 

An important part of the present invention is having the base surface pattern and said 
lower diaphragm pattern tapered at their respective perimiters to provide a contact 
contour. Initial contact occurs only at the periphery of the depression and increasing 
contact is achieved as the lower diaphragm moves toward the surface to finally provide 
full contact between the patterns over a predetermined period of time. 

It is important that the central regions of the patterns be formed from highly conductive 
material such as gold or any other such conductive material. Similarly, the patterns 
include outer regions extending from the center formed from high resistive, chemically 
stable materials such as CrSiN. 

The flexibility of the diaphragms and the gap at the perimeter of the diaphragms is 
preferably adjusted to require a voltage often volts to move said diaphragms 
electrostatically. The patterns may be shapped to provide a conductive center with 
decreasing spoke-like regions extending from the center. Alternatively, the patterns may 
be spiral or other shapes, depending upon specific needs of the system. 
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ppiire nFRrRiPTlON OF the nwAWINGS 

For a more complete understanding of the invention, reference is hereby made to the 
drawings, in which: 

FIGURE 1 is a schematic, sectional view of the preferred embodiment of this invention; 
FIGURE 2 is a schematic plan view illustrating one embodiment; 

FIGURE 3 is a graphical representation of the device of this invention using the 
embodiment of FIGURE 2; 

FIGURE 4 is a schematic plan view illustrating an alternative embodiment; 

FIGURE 5 is a graphical representation of the device of this invention using the 
embodiment of FIGURE 4; 

wt a it irn nF SraiPT'ni* OF THE PRFFFWRF.fi EMBODIMENT 

The MEMS relay shown generally at 10 in Fig. 1 is constructed in accordance with the 
present invention. A substrate 11, usually a silicon wafer although other semiconductor 
base materials are suitable as well, is formed with a depression 13, more My described 
below, which has a conductive pattern placed thereon. The relay is mounted on the 
substrate and comprises an upper conductive polysilicon diaphragm 15, a central 
electrode 17 and a lower conductive polysilicon diaphragm 19, along with a voltage 
source 21 for applying a voltage differential between the central electrode 17 and one or 
the other of the diaphragms 15 and 19 to generate an electrostatice force therebetween. 

As a voltage is applied between the upper diaphragm 15 and the central electrode 17, 
electrostatic forces pull the diaphragm downward. The suflhess of the diaphragms, 
along with the gap and taper at the perimeter of the diaphragm are adjusted so that 
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actuation occurs at about ten volts. The lower diaphragm 19, which is connected by post 
23 through a hole 25 in central electrode 17 to upper diaphragem 15, is pushed 
downward so that the bottom diaphragm 19 makes contact on the depression 13 in base 
11. The depression 13 is tapered and contoured so that lower diaphragm 19 initially 
n^kes contact only at the periphery of depression 13, but as actuation progresses, more 
and more of the central regions of the conductive portions of the depression 13 and 
diaphragm 19 begin making contact. Eventually, the surfaces contact one another 
everywhere. 

If voltage is then applied between the lower diaphragm 19 and the central electrode 17, 
electrostatic forces reverse the action. Lower diaphragm 19 begins separating from the 
base depression 13 at it's center and continues to separate until contact is made only at 
the periphery. Finally, again, there is no contact between the two surfaces at all. 

The diaphragms may be prestressed, so that the relay is normally open, normally closed, 
or neutral, as shown in Fig. 1. The region 27 between diaphragms 15 and 19 may be 
evacuated or filled with either an inert gas (such as argon) or a somewhat viscous fluid. 
The use of a viscous fluid allows control over the rate of diaphragm opening or closing 
because of the finite time it takes viscous fluid to flow between the two sides of the 
central electrode, as the device moves under electrostatic forces. For example, it may 
require 0.1 miUiseconds to fully open and close the relay. Chambers or slits would be 
used to provide a place for the gas or liquid to move as the device operates. 

An important pari of the present invention is the use of conductive patterns on the 
bottom of the lower diaphragm 19 and the top of depression 13 in base 11. Fig. 2 
illustrates a preferred embodiment in which the top surface 31 on the bottom of 
diaphragm 19 has a central conductive region 33, for example of 2u thick gold and an 
outer contact surface 35, of CrSiN or other highly resistive, chemically stable materials. 
Similarly, bottom survface 37 of the top of depression 13 has a central conductive 
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region 39, again for example of 2n thick gold and an outer contact surface 41. also of 
CrSiN or other highly resistive, chemically stable materials. When the diaphragms are 
pulled downward, the resistance between surfaces 33 and 39 changes over time by 
'several orders of magnitude, as shown schematically in Fig. 3a. When actuation is 
5 reversed and the contacts 33 and 39 are separated, the resistance increases gradually, as 
shown in Fig. 3b. 

Clearly, patterns 33 and 35, along with patterns 39 and 41, may be customized, using 
variations on conductive alloys and shapes, to govern the dynamics of how the 

10 diaphrasms 15 and 19 open and close to provide a very wide variety of electrical 
switching behavior. Fig. 4 illustrates an alternative embodiment in which a gold, 
conductive central region 43 and resistive CrSiN region 45 provide a different response, 
shown as a nonlinear respons in Fig. 5. The variations are virtually unlimited, as long as 
contact between the lower diaphragm and the depression changes over time by several 

1 5 orders of magnitude, as set forth hereinabove. 

The gap and taper between the lower diaphragm 19 and the depression 13 in substrate 
1 1 may also be selected so the diaphragm will not close even when the voltage across 
the contacts is as high as 150 volts. The patterns above, star shaped in Fig. 2 and spiral 
20 in Fig. 4, as examples, assure that as the diaphragm and substrate separate, a very small 
area will be available for pull-in; hence the pull-in force will be very small. There will 
be neither pull-in nor AC chatter. 

The present invention is built using MEMS technology, and may be used in MEMS 
25 switches, accelerometers, blood analysis kits, optical systems and relays. It is further 
intended that the present invention be used in conventional systems (not micro) like 
microwave ovens and in automobiles and the like. 
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While particular embodiments of the present invention have been illustrated and 
described, it is not intended to limit the invention, except as defined by the following 
claims. 
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1 . A relay device, comprising: 

a semiconductor wafer base, said base having a surface depression 
5 having a first electrically conductive surface pattern formed thereon; 

a lower diaphragm positioned above said surface depression and 
moveable for contact therewith, said lower diaphragm having a second electrically 
conductive surface pattern thereon; 

an upper diaphragm positioned above said lower diaphragm, said upper 

1 0 diaphragm having an electrode thereon; 

a central electrode mounted between said upper and lower diaphragm, 
said central electrode being positioned to selectively attract said upper diaphragm 
electrode upon application of voltage therebetween and to move said upper diaphragm 
to a lower position, said central electrode further being positioned to selectively attract 
15 said lower diaphragm electrode upon application of voltage therebetween and to move 
said lower diaphragm to an upper position; and 

mechanical connection means connectively mounted between said upper 
diaphragm and said lower diaphragm for moving one of said diaphragms mechanically 
when the other of said diaphragms is moved by said application of voltage to said 
20 central electrode and said other diaphragm; 

said upper and lower diaphragms being sealingly mounted on said base 
to define a sealed region therebetween enclosing said central electrode and said 

diaphragm electrodes; 

said base surface pattern and said lower diaphragm pattern being tapered 
25 at their respective perimiters to provide a contact contour allowing initial contact only at 
the periphery of the depression and increasing contact as said lower diaphragm moves 
toward said surface to provide full contact between said patterns over a predetermined 
period of time. 
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The device of claim 1, wherein wherein said wafer is a silicon wafer. 



2. 



3. The device of claim 1, wherein wherein said diaphragms are formed from 
polysilicon. 

4. The device of claim 1 , wherein wherein said first and second patterns 
include central regions formed from highly conductive material. 

5. The device of claim 4, wherein said highly conductive material is 
selected from gold . 

6. The device of claim 1 , wherein said first and second patterns include 
outer regions extending from said central region and ate formed from high resistive, 
chemically stable material. 

7. The device of claim 6, wherein wherein said high resistive, chemically 
stable material is CrsiN 

g. The device of claim 1, wherein each of said diaphragms and the gap at 

the perimeter of said diaphragms is adjusted to require a voltage often volts to move 
said i 



9. 

vacuum. 



The device of claim 1, wherein said sealed region is evacuated to have a 



10. The device of claim 1 , wherein said sealed region is filed with an inert 
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11. The device of claim 1, wherein said sealed region is filled with a fluid 
having a measurable viscosity, and region is adapted to move said fluid upon 
electrostatic movement of said diaphragm, such that the viscosity of said fluid is 
selected to adjust the rate of movement of said diaphragm 

12. The device of claim 1 , wherein said patterns are substantially identical. 

13. The device of claim 12, wherein said patterns are snapped to provide a 
more conductive center and decreasing spoke-like regions extending from said center. 

14. The device of claim I, wherein said patterns are spiral. 

15. In a relay device, said device having a semiconductor wafer base and a 
pair of diaphragms centered about a central electrode for movement of said diaphragms 
upon application of a voltage between said central electrode and one of said diaphragms, 

the improvement comprising: 

a surface depression having a first electrically conductive surface pattern 

formed on the surface of said base; 

a second electrically conductive surface pattern on said lower diaphragm; 

and 

mechanical connection means connectively mounted between said upper 
diaphragm and said lower diaphragm for moving one of said diaphragms mechanically 
when the other of said diaphragms is moved by said application of voltage to said 
central electrode and said other diaphragm; 

said upper and lower diaphragms being sealingly mounted on said base 
to define a sealed region therebetween enclosing said central electrode and said 

diaphragm electrodes; 

said base surface pattern and said lower diaphragm pattern being tapered 
at their respective perimiters to provide a contact contour allowing initial contact only at 
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the periphery of the depression and increasing contact as said lower diaphragm moves 
toward said surface to provide full contact between said patterns over a predetermined 
period of time. 

16. The device of claim 15, wherein wherein said wafer is a siUcon wafer. 

17 The device of claim 15, wherein wherein said diaphragms are formed 

from polysilicon. 

18. The device of claim 15, wherein wherein said first and second patterns 
include central regions formed from highly conductive material. 

19. The device of claim 18, wherein said highly conductive material is 
selected from gold . 

20. The device of claim 15, wherein said first and second patterns include 
outer regions extending from said central region and are formed from high resistive, 
chemically stable material. 

21. The device of claim 20, wherein wherein said high resistive, chemically 
stable material is CrsiN 

22. The device of claim 15, wherein each of said diaphragms and the gap at 
the perimeter of said diaphragms is adjusted to require a voltage often volts to move 
sail 



23. 

vacuum. 



The device of claim 15, wherein said sealed region is evacuated to have a 
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24. The device of claim 15, wherein said sealed region is filed with an inert 
gas. 

25. The device of claim 15, wherein said sealed region is filled with a fluid 
having a measurable viscosity, and region is adapted to move said fluid upon 
electrostatic movement of said diaphragm, such that the viscosity of said fluid is 
selected to adjust the rate of movement of said diaphragm 

26. The device of claim 15, wherein said patterns are substantially identical. 

27. The device of claim 15, wherein said patterns are shapped to provide a 
more conductive center and decreasing spoke-like regions extending from said center. 



28. 



The device of claim 15, wherein said patterns are spiral. 
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